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SUMMARY
Objective: To conduct a comparative analysis of the lesions found among motorcycle rid-
ers involved in traffic accidents and victims of other mechanisms of blunt trauma. Meth-
ods: Analysis of data prospectively collected on protocols for trauma patients older than 
13 years, admitted from 06/10/2008 to 09/01/2009, victims of blunt trauma. Data collect-
ed included trauma mechanism, vital signs at admission, laboratory tests, injuries, and 
treatment. Stratification of trauma and lesion severity was performed by calculating the 
trauma index: RTS, Glasgow Coma Scale (GCS), AIS, ISS and TRISS. We compared 
the variables between motorcycle riders (Group A) and the others (Group B). Severe 
injuries were considered when AIS > 3. For statistical analysis, we used Student’s t, Mann 
Whitney, chi-square and Fisher’s test, with p < 0.05 considered statistically significant. 
Results: The study included 3,783 blunt trauma victims, aged 14 to 99 years, of which 
76.0% were males. The most frequent trauma mechanisms were accidents involving mo-
torcycle riders (24.4%) and pedestrians (22.6%). When comparing the variables between 
groups A and B, we observed that motorcycle riders were significantly (p < 0.05) younger 
(28.9 ± 8.5 years vs. 42.4 ± 18.5 years) and had lower mean AIS in the head segment 
(0.3 ± 0.9 vs. 0.8 ± 1.1), as well as higher mean GCS at admission (14.5 ± 1.9 vs. 14.2 ± 
2.2), AIS in the extremities (1.5 ± 1.2 vs. 0.9 ± 1.2), RTS (7.8 ± 0.5 vs. 7.7 ± 0.6) and TRISS 
(0.98 ± 0.1  vs. 0.97 ± 0.1). Men were significantly more frequent in Group A (87.9% 
vs. 72.6%). When comparing injuries between groups, we observed that the motorcycle 
riders had significantly (p < 0.05) lower frequency of extradural hematomas (0.6% vs. 
2.1%), subdural hematomas (0.9% vs. 2.1%), subarachnoid hemorrhage (0.9% vs. 2.2%), 
brain injury (1.2 vs. 3.6%), and severe head injuries (4.8% vs. 9.4% ), as well as higher 
frequency of diffuse axonal injury (1.6% vs. 0.7%), upper- (7.9% vs. 4.4%) and lower-
limb fractures (7.7% vs. 5, 2%), and severe extremity lesions (20.6% vs. 12.6%). Conclu-
sion: Compared to victims of other trauma mechanisms, motorcycle riders had a lower 
frequency and severity of head injuries, as well as increased frequency and severity of 
lesions in the extremities. 
Keywords: Wounds and lesions; trauma severity index; traffic accidents; motorcycles; 
blunt trauma.
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INTRODUCTION
It has been estimated that every year, traffic accidents ac-
count for approximately 1.2 million deaths worldwide1. 
The economically active population, especially in the 15 to 
54-year-old age group, is the most affected, which repre-
sents a serious socioeconomic and public health problem2. 
In recent years, there has been a progressive increase in the 
number of accidents involving motorcycle riders in large 
cities3. Some studies have shown that the main injuries 
found are orthopedic ones, but the involvement of other 
body segments also oen occurs3-5. It should be noted that 
the sequelae secondary to this type of accidents are also a 
serious problem5. 
In São Paulo state, the mortality rate among motor-
cycle riders victims of traffic accidents increased from 
0.4/100,000 to 1.4/100,000 inhabitants in the period of 
1996 to 20056. In spite of the laws designed to try to reduce 
the frequency of these accidents, the number of motorcy-
cle riders progressively increases due to traffic conditions 
in large cities2,6,7. In our country, we lack more detailed 
information on trauma severity, most frequently observed 
injuries, sequelae, and complications specifically related to 
accidents involving motorcycle riders. This information 
could help in the implementation of preventive measures 
and care for these patients, guiding doctors in their diag-
nostic investigation and priority decisions. 
The objective of this study is to carry out a compara-
tive analysis of the injuries found among motorcycle rid-
ers involved in traffic accidents and victims of other blunt 
trauma mechanisms. 
METHODS
The study design was approved by the Ethics Committee 
of Irmandade da Santa Casa de Misericórdia of São Paulo 
(063/2011).
We carried out a retrospective review of trauma proto-
cols and medical records (when the information contained 
in the protocols were not appropriate) of all victims of blunt 
trauma older than 13 years admitted to the emergency 
room of the Irmandade da Santa Casa de Misericórdia of 
São Paulo from 06/10/2008 to 09/01/2009. The data were 
stored in a database using the Microso± Access so±ware. 
We recorded data related to patient identification, 
trauma mechanism, pre-hospital transportation, general 
status at admission, tests, observed injuries, performed 
treatment, and complications. The severity of the trauma 
and lesions observed was stratified by the following indi-
ces: Glasgow Coma Scale (GCS)8, Revised Trauma Score 
(RTS)9,10, Abbreviated Injury Scale (AIS)11, Organ Injury 
Scale (OIS)12, and Injury Severity Score (ISS)13. We cal-
culated the probability of survival by the TRISS method, 
a severity index that uses parameters such as age, RTS 
and ISS14. 
Patients were divided into two groups: motorcycle rid-
ers (Group A) and victims of other blunt trauma mecha-
nisms, such as accidents with car drivers and passengers, 
pedestrians, falls, and physical assault victims (Group 
B). We compared these two groups in relation to sever-
al variables in an attempt to identify specific injury pat-
terns among motorcycle riders. For comparison between 
groups, the injuries were grouped according to their loca-
tion in the head, chest, abdomen, and extremities. Injuries 
were considered “severe” when AIS ± 311.  
We considered for analysis only the variables with in-
formation in more than 95% of the total protocols/medi-
cal records. Numerical variables are presented as mean 
± standard deviation. Statistical analysis was performed 
using the Statistycal® Package for Social Sciences, release 
16.0. We used the Chi-square or Fisher’s test to evaluate 
categorical variables. For comparison of means, first we 
analyzed the sample normality using the Kolmogorov 
Smirnov test. 
For variables with normal distribution, we used the 
Mann-Whitney test, and in samples with normal distribu-
tion, the Student’s t test was used. We considered p < 0.05 
as statistically significant. We also calculated the odds ratio 
when appropriate. 
RESULTS
The study included 3,783 blunt trauma victims, aged 
14 to 99 years (mean 39.0 ± 17.6 years), of which 76.0% 
were males. Accidents involving motorcycle riders in 924 
cases (24.4%), pedestrians hit by vehicles in 855 (22.6%), 
falls from own height in 644 (17.0%), falls from heights 
in 455 (12%), physical assault in 424 (11.2%), accidents 
involving car passengers in 337 (8.9%), and other causes 
in 144 (3.9%) are the most frequent trauma mechanisms 
(Table 1). The mean RTS, GCS, ISS and TRISS in the final 
sample were 7.7 ± 0.6; 14.3 ± 2.1; 5.1 ± 8.3; and 0.97 ± 0.1, 
respectively. 
When comparing numerical variables between Groups 
A and B, we observed that motorcycle riders were sign- 
Trauma mechanism Number %
Motorcycle rider or person riding 
on the back of the motorcycle
924 24.4%
Hit by vehicle 855 22.6%
Fall from own height 644 17.0%
Falling from heights 455 12.0%
Physical assault 424 11.2%
Automobile driver or rider 337 8.9%
Others 144 3.9%
Total 3,783 100%
Table 1 – Trauma mechanism
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ificantly (p  < 0.05) younger (28.9 ± 8.5 years vs. 42.4 ± 18.5 
years), had lower mean systolic blood pressure at admis-
sion (127.0 ± 17.1 mmHg vs. 129.2 ± 23.8 mmHg), lower 
mean heart rate at admission (82.0 ± 12.4 bpm vs. 83.2 ± 
13.9 bpm), and lower mean AIS in the head segment (0.3 
± 0.9 vs. 0.8 ± 1.1), as well as higher mean GCS at admis-
sion (14.5 ± 1.9 vs. 14.2 ± 2.2), AIS in extremities (1.5 ± 
1.2 vs. 0.9 ± 1.2), RTS (7.8 ± 0.5 vs. 7.7 ± 0.6), and TRISS 
(0.98 ± 0.1 vs. 0.97 ± 0.1). There was no significant differ-
ence when comparing the means of respiratory rate, AIS 
in thoracic segment, AIS in abdominal segment, and ISS 
(Table 2). 
The male sex was significantly more frequent in Group 
A (87.9% vs. 72.6%). Among motorcycle riders, the fre-
quency of injuries found in the head, chest, abdomen and 
extremities were respectively 143 (15.5%), 51 (5.5%), 35 
(3.8%), and 743 (80.4 %).
When comparing injuries between groups, we ob-
served that motorcycle riders had significantly (p < 0.05) 
lower frequency of extradural hematomas (0.6% vs. 2.1%), 
acute subdural hematomas (0.9% vs. 2.1%), subarachnoid 
hemorrhage (0.9% vs. 2.2%), brain contusions (1.2% vs. 
3.6%), facial fractures (3.8% vs. 5.4 %), need for craniot-
omy (0.9% vs. 2.3%), and severe head injuries (4.8% vs. 
9.4%), as well as higher frequency of diffuse axonal in-
jury (1.6% vs. 0.7%), lesions in the extremities (80.4% vs. 
52.2%), upper-limb fractures (7.9% vs. 4.4%), lower-limb 
fractures (7.7% vs. 5.2%), and severe lesions in the extrem-
ities (20.6% vs. 12.6%). Comparison of nominal variables 
between groups is shown in Table 3.
We found no significant difference between groups 
regarding the frequency of spinal cord injuries (1.0% 
vs. 1.3%), hemothorax (1.9% vs. 1.6%), pneumothorax 
(1.8% vs. 1.8%), rib fractures (2.6% vs. 3.7%), ail chest 
(0.9% vs. 1.2%), pulmonary contusion (1.7% vs. 1.8 %), 
severe chest injuries (3.6% vs. 3.3%), need for chest tube 
drainage (2.6% vs. 2.2%), liver injuries (1.4% vs. 1.0% ), 
kidney lesions (0.6% vs. 0.4%), hollow viscera injuries 
(0.2% vs. 0.2%), severe abdominal injuries (2.7% vs. 2.1%), 
presence of hypotension at admission (1.5% vs. 2.5%), 
pelvic fractures (1.2% vs. 2.0%), and need for exploratory 
laparotomy (1.4% vs. 1.3 %). 
In relation to the clinical outcome, we observed that 
patients in Group A less frequently required (p < 0.05) ad-
mission to the intensive care unit (3.7% vs. 5.5%). Mor-
tality was lower among motorcycle riders (0.9% vs. 2.7%) 
(p = 0.001). There was no significant difference in the fre-
quencies of need for mechanical ventilation for more than 
48 hours (2.8% vs. 3.8%), pneumonia (2.6% vs. 3.3%), per-
sistent shock (0.7% vs. 1.3%), need for dialysis (0.1% vs. 
0.2%), and failure of multiple organs and systems (0.3% 
vs. 0.6%).  
DISCUSSION
Traffic problems are part of the routine in large cities. In 
this context, motorcycles become an alternative, as they 
are fast, economical, and efficient means of transportation. 
In 2006, the population of São Paulo was estimated at 11 
million inhabitants, with a ãeet of approximately five mil-
lion vehicles6.
Additionally, in the state of São Paulo, the number 
of motorcycles has increased from 1,098,978 in 2002 to 
1,771,129 in 2006, meaning that approximately 20 new 
motorcycles came into use every hour during the afore-
mentioned period6. There have been some studies in our 
country that point to the same problem and also raise the 
Variable Group A Group B p
Age 28.9 ± 8.6 years 42.4 ± 18.5 years < 0.001
SBP at admission 127.0 ± 17.2 mmHg 129.2 ± 23.8 mmHg 0.003
HR at admission 82.0 ± 12.4 bpm 83.2 ± 13.9 bpm 0.015
RR at admission 17.3 ± 3.9 ipm 17.4 ± 4.2 ipm 0.343
GCS at admission 14.6 ± 1.9 14.2 ± 2.2 < 0.001
AIS head 0.3 ± 0.9 0.8 ± 1.2 < 0.001
AIS chest 0.1 ± 0.7 0.1 ± 0.7 0.745
AIS abdomen 0.1 ± 0.7 0.1 ± 0.5 0.224
AIS extremities 1.5 ± 1.2 0.9 ± 1.2 < 0.001
RTS 7.76 ± 0.6 7.71 ± 0.6 0.031
ISS 5.53 ± 8.3 5.00 ± 8.3 0.092
TRISS 0.98 ± 0.1 0.97 ± 0.1 0.003
SBP, systolic blood pressure; mmHg, millimeters of mercury; HR, heart rate; bpm, beats per minute; RR, respiratory rate; rpm, respirations 
per minute; GCS, Glasgow coma scale; AIS, Abbreviated Injury Scale; RTS, Revised trauma score; ISS, Injury Severity Score; TRISS, Trauma 
Injury Severity Score.
Table 2 – Comparison of numerical variables between groups
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concern regarding the use of illicit drugs and mental ill-
ness on the part of motorcycle riders15-18. In our study, we 
observed that motorcycle riders were the most frequently 
treated victims of blunt trauma in the emergency room, 
vastly outnumbering the victims that were hit by vehicles 
and victims of falls, car accidents, and physical assaults.
Accidents involving motorcycle riders have varied 
consequences. We observed that most injuries among mo-
torcycle riders are diagnosed in the extremities (80.4%), 
followed by lesions in the head segment (15.5%), and less 
frequently in the chest (5.5%) and abdominal (3.8%) seg-
ments. Serious injuries (AIS  3) occurred mainly in the 
extremities (20.6%), followed by lesions in the cephalic 
segment (4.8%), chest (3.6%), and abdominal (2.7%). Most 
riders had low rates of anatomical and physiological trau-
ma, with mean survival probability of approximately 98%. 
Therefore, the majority had minor injuries, which were 
imminently life threatening.
The mortality rate of motorcycle riders involved in 
traffic accidents found in our sample was 0.9%. This may 
seem a small number of cases, but when one multiply that 
percentage by the number of accidents expected among 
motorcycle riders, one understands the significance of the 
problem. Other authors have reported mortality rates of 
3.2% and 3.3% in this group of patients19,20. Apparently, 
a higher mortality is expected in injured motorcycle rid-
ers admitted with GCS < 8, systolic hypotension, ISS > 
25, presence of lesions in the thoracic vessels, abdominal 
hollow viscera, traumatic amputations, pelvic fractures, 
and subdural hematomas19. Interestingly, apparently in 
situations of heavy traffic, there is less likelihood of severe 
injuries21.
Variable
Group A
n=924
Group B
n=2.859
p
Male 811/923 (87.9%) 20.68/2849 (72.6%)          < 0.001
Extradural hematoma 6 (0.6%) 59 (2.1%) 0.004
Acute subdural hematoma 8 (0.9%) 61 (2.1%) 0.012
Intraparenchymal hematoma 0 (0) 9 (0.3%) 0.080
Subarachnoid hemorrhage 8 (0.9%) 64 (2.2%) 0.008
Cerebral contusion 11 (1.2%) 104 (3.6%)          < 0.001
Diffuse axonal injury 15 (1.6%) 20 (0.7%) 0.011
Cerebral edema 6 (0.6%) 16 (0.6%) 0.755
Calvarial fracture 12 (1.3%) 67 (2.3%) 0.054
Facial fracture 35 (3.8%) 155 (5.4%) 0.048
Craniotomy 8 (0.9%) 65 (2.3%) 0.007
Hemothorax 18 (1.9%) 45 (1.6%) 0.440
Pneumothorax 17 (1.8%) 51 (1.8%) 0.911
Flail chest 8 (0.9%) 34 (1.2%) 0.415
Pulmonary contusion 16 (1.7%) 51 (1.8%) 0.917
Thoracic drainage 24 (2.6%) 64 (2.2%) 0.529
Liver injury 13 (1.4%) 29 (1.0%) 0.410
Splenic lesions 15 (1.6%) 27 (0.9%) 0.126
Kidney damage 6 (0.6%) 12 (0.4%) 0.818
Hip fractures 11 (1.2%) 58 (2.0%) 0.098
Upper limb fracture 73 (7.9%) 125 (4.4%)          < 0.001
Lower limb fracture 71 (7.7%) 150 (5.2%) 0.006
Open fracture of upper limb 17 (1.8%) 25 (0.9%) 0.015
Open fracture of lower limb 54 (5.9%) 67 (2.3%)          < 0.001
Severe head injuries (AIS ≥ 3) 44 (4.8%) 269 (9.4%)          < 0.001
Serious chest injuries (AIS ≥ 3) 33 (3.6%) 94 (3.3%) 0.677
Severe abdominal injuries (AIS ≥ 3) 25 (2.7%) 59 (2.1%) 0.250
Severe injuries of the extremities (AIS ≥ 3) 190 (20.6%) 361 (12.6%)          < 0.001
Table 3 – Comparison of nominal variables between groups
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There are also problems related to neurological and or-
thopedic sequelae, which seem to have great importance. 
In the United States., Weiss et al.22, reported a likelihood 
of severe sequelae in 24% of motorcycle riders who were 
accident victims with neurological lesions. In our sample, 
the percentage of severe intracranial (4.8%) and extremity 
(20.6%) injuries draws attention to the possibility of se-
quelae in a significant number of patients. 
Talving et al.19, observed greater lethality and greater 
severity of lesions in the group of motorcycle riders who 
had accidents and higher median age. However, most vic-
tims are young. In our study, the mean age of motorcycle 
riders who had accidents was significantly younger than 
that observed with other blunt trauma mechanisms. Ac-
cording to the database of the Brazilian public healthcare 
system (DATASUS), about 43% of the 8,078 deaths regis-
tered among motorcycle riders in 2007 occurred with in-
dividuals between 20 and 29 years of age23.
In Brazil, since 1995, the National Traffic Code has been 
contributing to a significant reduction in mortality and se-
verity of traffic accidents through educational programs and 
preventive actions, such as the mandatory use of helmet24. 
This measure is patently associated with a better prognosis 
in accidents with motorcycle riders25-28. It is unclear what 
percentage of motorcycle riders actually wears the helmet 
in large cities, but it is believed that the majority follows the 
law. In our country, Caixeta et al.17, reported that only 8% 
of motorcycle riders aged between 15 and 24 years who had 
an accident did not wear a helmet. In our study, we could 
not obtain adequate information from a sufficient number 
of protocols and medical records that would allow a reliable 
assessment of this variable.
Neurologic injuries are the most frequent cause of 
death in motorcycle riders that suffered trauma19. Howev-
er, we observed that the incidence of severe lesions in the 
head segment in our sample was lower among motorcycle 
riders when compared with other trauma mechanisms. 
Of the lesions investigated, motorcycle riders had a lower 
frequency of extradural hematomas, subdural hematomas, 
subarachnoid hemorrhages, and brain injuries, but more 
oen had diffuse axonal injury. This may indicate a cer-
tain protective action by the helmet against some injuries 
that occur by coup and contrecoup, but not against injuries 
related to a sharp decrease in velocity and shearing force. 
About 1% of the sample of motorcycle riders had spi-
nal trauma. The incidence of this injury in the literature 
is 1% to 16% of the total number of injured motorcycle 
riders19,29. However, only 15% of these patients had lesions 
with neurological signs and symptoms, which reinforces 
the need for pre-hospital immobilization care of these pa-
tients19. The chest and abdominal injuries were present, 
but showed no difference compared to the frequencies of 
the other trauma mechanisms. 
Lesions in the extremities characterized motorcycle 
rider victims of traffic accidents. A wide variety of lesions 
in the integument, joints, blood vessels, muscles, and 
bones were observed in this study. About 80% of patients 
had some lesion in the extremities. Approximately one 
fih of the patients had a serious injury (AIS  3). This 
fact is probably related to the type of accident seen in our 
city, where riders travel between cars exposing the limbs, 
mainly the lower ones, to direct trauma. It was not a ma-
jor objective of this study to characterize these lesions in 
detail, but we believe this topic deserves a specific and 
detailed research protocol, considering its frequency, se-
verity, and possibility of sequelae. 
Respecting the limits of our analysis, which consid-
ered only the severity indexes and general characteris-
tics of the trauma, we observe that the motorcycle riders, 
when compared to victims of other trauma mechanisms, 
showed significantly higher frequency and severity of le-
sions in the extremities, higher frequency of upper-limb 
and lower-limb fractures, as well as of open fractures in 
the upper and lower limbs. This is an opportunity to use 
preventive measures, as the sequelae secondary to these 
lesions do have serious personal, economic, and social 
impact. 
The information in this study may be of help in differ-
ent instances. Regarding primary prevention, one must 
consider that motorcycle rider victims of traffic accidents 
were responsible for the majority of cases in the emer-
gency room of our hospital. Specific prevention cam-
paigns should be carried out and laws should be strictly 
enforced. 
Due to the frequency and severity of lower-limb inju-
ries, protective equipment could be the object of research, 
and traffic between cars, limited. Apparently, the lower 
frequency of severe head injuries would suggest that the 
helmet has had an important role in the protection of 
intracranial coup/contrecoup injuries. Most accidents 
involving motorcycle riders in our sample was of low 
complexity and thus, screening mechanisms could have 
been used to reduce patient overload in larger centers. 
The most severe cases will certainly need to be treated in 
quaternary hospitals with specialist support in orthope-
dics, neurosurgery, and vascular surgery.  
The lesions observed in motorcycle riders that suf-
fered trauma evaluated in this study are only one part of 
the problem. Traffic accidents caused by motorcycle rid-
ers go even further. Pedestrians get hit by motorcycles 
and there are accidents with other motor vehicles. The 
victims pile up. The overall evaluation of our data shows 
that accidents involving motorcycle riders are a frequent 
problem in our country, very oen severe, with charac-
teristic features that can be the target of specific measures 
related to prevention and improved care. 
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CONCLUSION
Compared to victims of other trauma mechanisms, mo-
torcycle riders have a lower frequency and severity of head 
injuries, as well as higher frequency and severity of lesions 
in the extremities. 
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